A study has been made of the effects of the inhibitors carbonylcyanide n-chlorophenylhydrazone (CCCP), 3-(3,4-dichkophenyl)-1,14dnethyl urea (DCMU), and of anoxia on the lgt-sensitive membrane potential of VaNsneria leaf cells. The present results are compared with the known effects of these inbibitors on ion transport and photosynthesis (Prins 1974 Ph.D thesis). The membrane potential is composed of a diffusion potential plus an electrogenic component. The electrogenic potential is about -13 millivolts in the dark and -80 millivolts in the light. The inhibitory effect of DCMU and CCCP on the electrogenic mechanisms strongly depends on the light intensity used, the inhibition being less at a higher Light intensity. This is of significance in view of the often conflicting results obtained with these inhibitors. With The present results show that the sensitivity of the membrane potential to inhibitors depends very much on the light intensity used. The meaning of this will be discussed. For Nitella it has been shown that the more negative potential in the light is caused by an electrogenic pump (19, 20) . Generally, it is assumed that this electrogenic pump is a proton extrusion pump; this may be true for Vallisneria also.
Bentrup et al. (3) with V. spiralis on the light-dependent hyperpolarization suggested that the energy for this process could be obtained from either PSII or PSI activity. This implies a more direct role of PSII for the mechanism of light-dependent hyperpolarization than was concluded for ion transport.
The present results show that the sensitivity of the membrane potential to inhibitors depends very much on the light intensity used. The meaning of this will be discussed. For Nitella it has been shown that the more negative potential in the light is caused by an electrogenic pump (19, 20) . Generally, it is assumed that this electrogenic pump is a proton extrusion pump; this may be true for Vallisneria also.
MATERIALS AND METHODS
Plants of V. spiralis were grown aquatically in a plastic tank on a slightly alkaline soil at room temperature (about 20 
C).
Leaf strips of 20 x 4 mm were mounted in a modified Mertz chamber (12) , except for experiments on the effect of 02, in which small (2-mm) leaf strips were used from the margins of the leaves which are devoid of gas-filled intercellar spaces. By doing this a more rapid exchange of 02 between the cells and the medium was obtained. Cells of the epidermis or outer layer of mesophyll were used. Membrane potentials were measured using 3 M KCl-filled glass microelectrodes. The cells were too small to use the classic two-electrode method for membrane resistance measurements, therefore electrical resistances were measured with the single electrode method of Anderson et al. (1) , using 10- (6) . The solution used in the experiments had the following composition (mM): K+, 0.1; Na, 10.5; Ca2 , 1.0; Cl, 12.1; Mes, 1.0 (pH 6.2). When DCMU and CCCP, dissolved in ethanol, were added, the same amount of ethanol (not more than 1 ml/l) was added to the control. After cutting, the leaf strips were kept overnight, 16 h, in the test solution before the experiment was started.
In all cases the tip of the intracellular electrode must have been in the vacuole. Therefore, the values given here are potential differences and electrical resistances between vacuole and medium, designated as E,0 and Rv., respectively.
RESULTS
The membrane potentials of epidermal and mesophyll cells approached the same value under all circumstances. Also, the sensitivities for inhibitors etc. were similar. The parenchyma cells in general showed a somewhat more stable potential. After impalement the membrane potential normally stabilized at the resting potential in a few minutes. The membrane resistance very often showed a tendency to increase during the course of the experiment (about 2 h). This has been found by others also (1, 18) . The mean resting potential in the light was 194 ± 2 mv ( n = 100)6 and in the dark 126 ± 2 mv (n = 45). In Figure 1 typical "light-on" and "light-off" reactions are shown. The induction pattern was comparable with that found before (15) although the transients were less pronounced. The typical shoulder seen in the "light-off" reaction sometimes was absent. In the light the membrane potential stayed hyperpolarized for at least several hours.
In a series of 18 cells the membrane resistance was measured both in the dark and under light-saturating conditions (> 16.4 x I03 ergs cm-2 s-'). Resistance was 4.1 ± 0.7 MUl in the dark, and 3.7 ± 0.4 MUl in the light. There was no significant difference between the cell membrane resistance in light and dark as has been found in some other cells (7, 19, 20, 22 (Table I) and of CCCP (Table II) . Both 2 tLM CCCP and anoxia depolarized DE,O by about 13 mv. CCCP at this concentration had no effect on R,o (Table III) .
A higher CCCP concentration, 5 ,UM, caused a further depolarization of DEvo (Table II) especially after a prolonged, 4-h treatment. Earlier it was concluded that such a treatment increases the ionic permeability of the cell membranes (15) . This has now been confirmed by resistance measurements; after such a treatment the resistance of the epidermal cells was less than 1.5 MQ2 compared with 7 MfZ in the control cells (Table III) . Electropotentials in Light, LEvo. The relationship between light intensity and hyperpolarization (LEvO -DEvo) yielded a sigmoid curve and low light intensities (about 1-4 x 103 ergs cm-2 s-') had no effect on Evo (Fig. 2 (Fig. 3) . DCMU caused no decrease of the membrane resistance but did give an insignificant rise in LRVO (Table IV) .
At the two lowest light intensities 2,iM CCCP was an effective inhibitor of the light reaction. At the highest light intensity 2 ,LM CCCP had no effect on the hyperpolarization in the light (Table  V) . At this concentration CCCP had no effect on R,o (Table III) . CCCP at 5 ,lM was more effective (Table V) and inhibited the light-driven hyperpolarization even at the highest intensity. As was mentioned above, however, at this concentration CCCP also has an effect on the ionic permeability of the cell membrane and cell membrane resistance (Table III (8, 9, 19, 20) . In other studies, e.g. in Vallisneria, the evidence for electrogenicity is mostly indirect. No ionic gradients are known which may generate the observed high potentials in the light (up to -240 mv). Also, the rapid response of the membrane potential to "light-off" and to inhibitors points to the electrogenic nature of this response. (3) concluded that only LEvo in Vallisneria was electrogenic and that DEvO was a diffusion potential. This conclusion was based merely on the finding that in the light the membrane potential was sensitive to a change of the pH while in the dark it was not. We found, however, that Ev. was depolarized at low pH in the light as well as in the dark (results not shown here). The depolarization in the dark was small (8 ± 2 mv [n = 11] with a pH change from 5 to 4) and it was less than in the light. It could be measured only when DEv. was recorded continuously while the pH was changed since the depolarization was less than the variation from leaf to leaf. This small depolarization of DEvo indicates also a small electrogenic potential in the dark.
It was not possible to measure cell dimensions during the resistance measurements, due to the thickness of the leaf, and thus to calculate the resistance per unit area for each cell. For a number of epidermal cells we calculated the mean surface area to be 8 x 10-5 cm2, thus for a typical epidermal cell with a membrane resistance of 8 M52 the resistance per unit area will be about 0.64 kW cm2. This may seem a rather low value; however, epidermal cells of Vallisneria are transfer cells, that is, their cell membrane surface area is greatly increased by cell wall ingrowth (14) . The precise increase of membrane area is unknown but values up to 20-fold are estimated, thus yielding a very high value of about 13 k2 cm2. Inhibition of the electrogenic pump often results in an increased cell membrane resistance (19, 20, 22) , which, however, was not observed in the described experiments. Inhibition by CCCP and DCMU resulted in a slight but not significant increase of Rvo, indicating that the resistance for passive ion movement was low compared with the parallel resistance of the electrogenic pump (16) .
The inhibitory effect of DCMU on the light-induced hyperpolarization and the countereffect of high light intensity hereupon were also observed in Elodea (10) (Fig. 3) . The induction pattern for the "light-on" as well as the "light-off" reaction of the PD depends upon the light intensity. There are sharper peaks at higher light intensities even if we compare two saturating light intensities which both bring the membrane potential to the same final level. If the light is turned on after a dark period the stable light level is reached in a shorter time at the higher light intensity. Therefore, the effect of DCMU the induction course, found by Bentrup and co-workers, was not due to a specific effect caused by inhibition of PSII but resulted from the fact that light is less effective in the presence of DCMU.
The depolarizing effect of CCCP below 2 ,tM and of anoxia in the dark also points to a dependence of the electrogenic pump on phosphorylation. The further depolarizing effect of CCCP at concentrations higher than 2,LM apparently is caused by the increased ionic permeabilities, as found earlier in ion transport studies (15) and as indicated by the sharp decrease of Rvo under such conditions. It is also conceivable that CCCP interferes with the electrogenic mechanism itself presumably acting as a proton carrier as was, e.g. concluded for Riccia (7) , since uncoupling of phosphorylation seemed to occur in this plant only at high CCCP concentrations and the depolarization caused by CCCP was accompanied by a decrease of the membrane resistance (7) . The (5) .
The observation that the electrogenic pump depends on metabolism in very much the same way as ion transport does may reflect a common dependence on phosphorylation or may indicate that a functioning electrogenic proton pump is a basic requirement for active cation and anion transport across the plasmalemma. It seems worthwhile to consider the possibility that electrogenicity is not limited to one particular pump but that it may be a common feature of all or most ion pumps.
